Introduction {#s1}
============

Mortality in under-five children remains a major concern. It is one of the key millennium development goals.[@R1] Although some countries have seen reductions in under-five mortality rates, rates of decline have been slower and almost stagnant in Africa and Asia.[@R2]--[@R4] In Ghana, under-five mortality increased from 108 of 1,000 live births in 1999 to 111 of 1,000 live births in 2003 and remained at that level in 2006.[@R5] Globally, most post-neonatal deaths in under-five children are caused by only a handful of conditions: pneumonia, malaria, diarrhea, malnutrition, and acquired immunodeficiency syndrome (AIDs).[@R1],[@R6] Globally, pneumonia is the commonest cause of childhood death, but in developing countries, especially most of sub-Saharan Africa (sSA), malaria is often the commonest cause of death in under-five children.[@R7],[@R8] Malaria and pneumonia are responsible for 16% and 15% of under-five mortality, respectively, in sSA.[@R9] In Ghana, malaria and pneumonia are the next most important causes of under-five mortality after early neonatal mortality, contributing 25% and 20% of under-five mortality, respectively.[@R5] Early treatment has been shown to reduce morbidity and mortality for both diseases.[@R10]--[@R12]

In malaria-endemic Africa, children with pneumonia could easily be misdiagnosed and treated as having malaria. Similarities between symptoms have been well described and in their severe forms, they both present with fever, rapid breathing, and chest in-drawing, with a rapid decline to death, and co-morbidity is not uncommon.[@R13]--[@R16]

Given that these similarities provide opportunities for missed diagnosis, over-treatment and or under-treatment, appropriate diagnostic tools and effective medication are essential to enable health workers determine if a child has malaria, pneumonia or both in order to treat the child quickly and appropriately.[@R15] Where resources are constrained this becomes even more complicated. Although many forms of health care exist in all societies, most of the African populace has access to orthodox health care mainly through public health centers. These provide primary health care but often lack the requisite equipment and trained staff to provide laboratory-assisted diagnosis of either condition. Indeed, for the majority of rural Africa, even this level of care may be unavailable and not always affordable. Children are thus often first treated at home or within communities.[@R17],[@R18] Health centers are a second or last resort and children often die at home or within the community.[@R19]

To address this issue of access to affordable and effective health care, the concept of using laypersons referred to as community health workers (CHWs), previously untrained in health to manage and report on simple ailments has been advocated.[@R20] The home management for malaria (HMM) strategy is one such strategy that enables fever to be managed presumptively as malaria. Although the concept of home and community management of malaria is well established in Africa, unlike Asia, this is not so for pneumonia despite the co-morbidity reported by others.[@R15] Community programs managing uncomplicated pneumonia reduced mortality of children in Nepal.[@R8] In Ghana, earlier attempts to introduce community management of pneumonia where CHWs had to distinguish malaria from pneumonia were abandoned after CHWs consistently found it difficult to distinguish and manage these two illnesses separately.[@R21] Following the call by the United Nations Children\'s Fund (UNICEF) and World Health Organization (WHO) in 2002 for pneumonia to be managed at the community level and integrated with ongoing community programs, and given the difficulty in distinguishing malaria from pneumonia, the problems of access, and the importance of reducing the current mortality rates in under-five children, we explored through a cluster-randomized open trial, the added survival benefit of including an antibiotic to the routine management of fever with an anti malarial drug in children under-five. We report on this trial using guidelines from the extension of the consort statement of pragmatic trials.[@R22]--[@R25]

Methods {#s2}
=======

Study site. {#s2a}
-----------

The trial was conducted between January 2006 and December 2009 in Dangme-West district in southern Ghana, a district with a population of about 110,000 people. Malaria transmission occurs throughout the year with peaks during the rainy seasons in April and October. *Plasmodium falciparum* constitutes 97--99% of parasitemia. Peak parasite rates occur in children 5--9 years of age but morbidity and mortality are highest in children younger than 5 years of age.[@R26],[@R27] At the time of the trial, caregivers could take their sick children to either of the four health centers or six community clinics in the district. Only one health center had a functioning laboratory microscopic testing for malaria parasites. Elsewhere, malaria was treated presumptively using artesunate amodiaquine. None of them had x-ray facilities. Pneumonia was treated with amoxicillin in line with the national drug guidelines. There was no district hospital and severely ill children were referred to hospitals of neighboring districts. There were two private clinics, two private maternity homes, two pharmacies, and 42 registered drug retail shops in the district from which caregivers were likely to seek care.[@R28] Drugs used to treat children with fever and or fast breathing within communities was often inappropriate and included chloroquine and various antibiotics such as co-trimoxazole and metronidazole. Baseline data indicated that more than a third of caregivers treated their children themselves with left over drugs or stored drugs. (Results of care seeking and treatment received before the intervention was introduced will be presented elsewhere.) Dodowa Health Research Center (DHRC), a research site of the Ghana Health Service (GHS) is situated in the district, and collects information on vital events during biannual censuses (Health and Demographic Surveillance System \[HDSS\]).

Hypothesis. {#s2b}
-----------

The hypothesis for this trial was that early and appropriate management of fever in children under 5 years of age with an antimalarial and an antibiotic within the HMM strategy by CHWs would significantly reduce mortality when compared with only using an antimalarial. The primary outcome was all-cause mortality in the intervention arms (two-arm design), and the control arm (three-arm design). Secondary outcomes were to determine the impact of the intervention on some morbidity indicators (results to be presented elsewhere).

Trial design. {#s2c}
-------------

This was a cluster-randomized controlled open trial of an antimalarial versus an antimalarial plus an antibiotic for the treatment of fever among children 2--59 (inclusive) months of age in which the interventions were introduced in a stepped wedge manner. The cluster design was chosen over the individual randomized controlled design to reduce contamination that would be difficult to control, to improve supervision of CHWs, and to reduce the overall cost of implementing the trial. The stepped wedge design was chosen for pragmatic reasons, because it was impossible to introduce the interventions into all clusters simultaneously[@R29]; this also enabled the team to ensure that all children in the study area would eventually receive the intervention, avoiding the ethical issue of leaving children in a study area without the intervention (efficacious drugs) that work.

Randomization. {#s2d}
--------------

There were 376 communities scattered all over the district with populations of under-five children ranging between 0 and 153. Each community had their own local name and many had their own clan head or leader. Using HDSS data on the community populations, communities were grouped into clusters of ∼100 children under 5 years of age. In all, 114 clusters of about 100 children under 5 years of age were formed. Stratified randomization and cluster allocation were performed using computer generated randomization in "Microsoft Excel" 2007 (Microsoft, Redmond, WA) by an independent (visiting) statistician. Briefly, communities belonging to a cluster averaging 100 children were assigned a unique number. Clusters were then assigned random numbers using the Excel random function into the three arms, namely the control arm in which the standard care (usual care available for a sick child through a combination of orthodox and unorthodox drug providers and health facilities) available in the district before the intervention remained unchanged, the artesunate amodiaquine arm (AAQ) and the artesunate amodiaquine and amoxicillin (AAQ+AMX) arm. Because of the stepped wedge design, clusters randomized to the control arm were then subjected to another level of randomization and reassigned random numbers into AAQ and AAQ+AMX arms. No restriction, minimization or allocation sequences were applied.

The intervention. {#s2e}
-----------------

The CHWs dispensed an antimalarial drug alone (artesunate amodiaquine \[AAQ\]), or together with an antibiotic (artesunate amodiaquine plus amoxicillin \[AAQ+AMX\]) to children with a fever. Communities were sensitized using various information, education, and communication (IEC) media including community meetings, audio messages, and drama.

### Eligibility criteria. {#s2e1}

Children, 2--59 months of age with fever as reported by the caregiver, born to mothers\' resident at least 3 months in the district were eligible. Children as they turned 2 months and children 2--59 months of age who moved into the district during the study were included.

### Exclusion criteria. {#s2e2}

Severely ill children with danger signs (vomiting everything, unable to breastfeed or drink water, lethargy or coma, convulsions) were excluded and referred. Children \> 59 months of age and children who turned 60 months of age during the trial were excluded.

### Selection of CHWs. {#s2e3}

The details of the selection process of CHWs are the same as those described in a related trial in which the feasibility of using CHWs in Ghana was explored.[@R30] Briefly, lay persons resident in their various communities were selected through an interactive process based on criteria set by community members during an open community meeting or by their community leaders. Nominated CHWs were informed that their participation would be voluntary and without any financial remuneration.

### Training of CHWs. {#s2e4}

A CHW manual, relevant data capture tools such as data capture of the sick child consultation, referral forms, and drug recording forms were designed. Various IEC messages and an IEC video were developed. The CHWs were trained over 3 days using modified Integrated Management of Childhood Illnesses (IMCI) modules and video that had been developed with the Ministry of Health/Ghana Health Service for health workers.[@R31] Training was conducted by experienced Ghana Health Service national IMCI trainers together with some study team members. Training was held separately for CHWs from different arms and was identical apart from one aspect: CHWs from AAQ+AMX clusters received additional training on how to administer amoxicillin and on how to teach caregivers from those clusters to administer amoxicillin at home.

### Assessment of child by CHWs. {#s2e5}

All CHWs were trained to receive clients and to enquire about fever. Fever was not assessed with a thermometer. The CHWs were trained to assess for signs of severe illness defined as difficulty in breastfeeding or drinking water, excessive vomiting, convulsions, lethargy, and coma and such children were referred. The CHWs were also trained to assess the child\'s respiration for fast breathing (respiratory rates were counted for one minute using a watch), chest in-drawing and stridor as well as other symptoms/signs such as palmer pallor, severe weight loss, diarrhea lasting more than 5 days, bloody diarrhea, and pedal edema. However, no criteria for pneumonia were applied; thus, the presence of any of these symptoms was not used to determine the type of treatment a sick child would receive within their cluster in line with our study design. These caregivers were provided the study drugs for their child\'s fever, counseled, and referred to the health center with a written referral form where they were told these other symptoms would be treated. Attempts were made to follow-up all referred children (results to be presented elsewhere). The CHWs were provided a list of children within their communities however treatment was not denied any non-resident sick child if they were taken to a CHW by their caregivers with a complaint of fever.

### Drugs and dosage. {#s2e6}

All drugs were produced in different strengths and color-coded for age. Drugs were provided at no cost to caregivers. Artesunate and amodiaquine were prescribed as follows: 25 mg artesunate plus 75 mg amodiaquine for children 2--11 months of age and 50 mg artesunate plus 150 mg amodiaquine for those 12--59 months of age, all once per day for 3 days. Dispersible amoxicillin tablets were prescribed as follows: 300 mg to children aged 2--11 months, 500 mg to those aged 12--35 months, and 650 mg to those 36--59 months of age, twice per day for 3 days[@R32]--[@R34]: the first dose was given under CHW supervision. The CHWs did not follow-up the children at home but caregivers were asked to return with their children after 2 days. Caregivers were also counseled to return if their child\'s condition worsened, if the child convulsed, developed a skin rash or began itching, became pale, weak, were unable to breastfeed or drink, began vomiting, or had diarrhea or bloody diarrhea after they took the study drug. Generally, caregivers were encouraged to return immediately if their child\'s condition changed or did not seem to improve. Adverse drug reactions were followed up passively through reports to CHWs by caregivers. These caregivers were followed up by field supervisors and interviewed.

### Introduction of the intervention. {#s2e7}

Over a 3-month period, the intervention was introduced into two-thirds of the 114 clusters (randomized to receive AAQ \[37 clusters\] and AAQ+AMX \[39 clusters\] and the remaining third of the clusters were left as control clusters (38 clusters) without any intervention. All three arms ran concurrently allowing the three-arm design to run for 6 months, after which the intervention was introduced into the remaining control clusters leading to a two-arm design (55 clusters in the AAQ arm and 59 clusters in the AAQ+AMX arm), which was maintained until the end of the trial resulting in the stepped wedge design ([Figure 1](#F1){ref-type="fig"}).

![Overall timeline of the trial with a stepped wedge introduction of the interventions.](tropmed-87-11-g001){#F1}

### Quality assurance. {#s2e8}

The CHWs were visited fortnightly by field supervisors who checked drug supplies and forms using a standard checklist. Two CHW review trainings were held during the period of the study. The drugs were tested to ensure drug quality during the trial period. The drugs met the minimum standards with a mean disintegration time of 2 min, a dissolution time ranging between 91.5% and 94.6%, and the percentage active ingredients ranging between 94.35% and 95.1%. Field workers who collected data during surveys were different from field supervisors who supervised CHWs and those who collected and validated mortality data.

Sample size for determining mortality rates. {#s2f}
--------------------------------------------

The under-five mortality rate within the region was 80 of 1,000 live births at the time the study was initiated.[@R35] To measure the difference in all-cause mortality between the two intervention arms, using a coefficient of variation of 0.25, a design effect factor of 1.68, an alpha of 0.05% and 80% power, and targeting an effect size of 20% 100 clusters (50 per intervention arm) of 100 children had to be followed up over 18 months. Sixty clusters (30 in each arm) were required to detect an effect size of 25% in all-cause mortality between the AAQ and control arms, and for AAQ+AMX and control arm, the number of clusters was 20 clusters/arm.

Data collection. {#s2g}
----------------

During the first year baseline information was collected. Mortality was assessed through bi-annual censuses conducted routinely by the HDSS team complimented by a Community Key Informant system (CKI). All selected CHWs were also trained to record any deaths, births, and pregnancies that occurred within their communities. Such information was collated monthly by the study team and reported to the HDSS team for verification.

Other surveys. {#s2h}
--------------

Twice per year 10 clusters were selected randomly for cross-sectional surveys to collect information on demography, height, weight, hemoglobin level, parasitemia, fever during the preceding 14 days, vitamin A and immunization status, and presence and use of insecticide-treated bed nets. This was to enable us to determine the impact of the trial on morbidity (results will be presented elsewhere).

Analysis. {#s2i}
---------

The data set constituted all deaths collated by the HDSS and the CKI. Because of the stepped wedge nature of the trial, person-years of follow-up were used to calculate each child\'s contribution to the denominator. Person-time of follow-up for the control period was calculated using either January 1, 2006 (the start of the trial), date child attained 2 months, or date of entry if the child was born or moved in after the start of the trial but before the intervention began for that cluster. Person-time contributing to the intervention phase was calculated from the date that the last community in a cluster began its drug intervention. For most clusters, these dates did not vary much as CHWs were trained in clusters. Follow-up ended when children died, turned 60 months of age, exited the district, or at the end of the trial. Migration between clusters was reduced in the design by providing CHWs with a list of children in their communities and caregivers were requested to visit their own CHWs during sensitization meetings. Migration of children in and out of the district was taken into account during analysis in the following manner: All children each provided with unique identification numbers, were followed up by the HDSS as part of the household census carried out biannually. During a visit to a household, all household members are enumerated. If an eligible child had left the district, the date they left the district was noted; the child designated as "exited" on that date and no longer contributed person-years of follow-up. If the child was found to have come back during the next enumeration census, the dates of return were noted and that child would begin to contribute person-years of follow-up again. If the child had not returned, the event remained noted as "exited from the district," not contributing any more person-years of follow-up. Using this method, multiple periods of follow-up were calculated for children where necessary, thus excluding from the follow-up period, any period for which they had been absent from the district. Migration between clusters could not be totally controlled, however our analysis was by intention to treat. The estimated effects of the intervention are presented as relative risks together with 95% confidence intervals (CI). Crude mortality rates were compared using the χ^2^ test for significance. Crude age-specific mortality rates were calculated. Adjusted analysis took into account gender, age groups, seasonality, and the cluster-randomized design using the random effects in a Poisson regression model.

Ethics. {#s2j}
-------

The trial was approved by the ethics committees of the Ghana Health Services and WHO, through the Special Program for Research and Training in Tropical Diseases (TDR). District health and local government authorities provided approval for the study. Group consent was obtained from community leaders and members during community meetings that were held in the first year before the intervention begun. Written individual informed consent was obtained from all caregivers in the first year to determine their willingness to participate in the entire trial, but written informed consent was also obtained from parents or guardians for all subsequent surveys or interview(s).

Results {#s3}
=======

In January 2006, there were 12,333 children under 5 years of age resident in the district, a number that increased to 12,454 by December 2009. Almost all caregivers agreed to the general participation of their eligible children under 5 years of age in the trial. The decline rate was 0.2%. All 114 clusters contributed to the control arm until April 2007, when the 37 clusters with 3,994 children were randomized to receive AAQ, 39 clusters with 4,043 children to receive AAQ+AMX received the intervention and 38 clusters with 4,296 children continued to receive standard care (control arm). The control clusters randomized to either of the two interventions received their intervention 6 months later, resulting in two arms of 55 (AAQ) with 6,121 children and 59 (AAQ+AMX) clusters with 6,212 ([Figure 1](#F1){ref-type="fig"}). Initiation of the intervention was delayed because of costs and logistical challenges causing the three-arm design to last for only 6 months instead of 1 year to allow sufficient time for follow-up of the two-arm design. Data on clusters, children included per arm, and deaths are shown in the participant flow charts ([Figures 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}). Details on almost 13,000 consultations by CHWs will be published elsewhere however, correct drugs per age group were provided in over 90% of consultations.

![Cluster and participant flow after first randomization.](tropmed-87-11-g002){#F2}

![Cluster and participant flow after second randomization.](tropmed-87-11-g003){#F3}

[Table 1](#T1){ref-type="table"} provides the baseline characteristics of children 2--59 months of age collected during cross-sectional surveys from a total of 30 randomly selected clusters between April 2006 and April 2007 before the interventions were introduced. These surveys established that randomization of clusters to the three arms were similar for almost all relevant variables. The mean age of the children was 29.1 months, SD = 15.86, the male/female ratio was 51.1:48.9. Clusters randomized to the different arms were similar in all but two aspects: in the prevalence\'s of household ownership treated nets and parasitemia in the children. Clusters randomized to the AAQ arm had a significantly lower prevalence of the use of household ownership of treated nets (31.2%) compared with the clusters randomized to the AAQ+AMX arm (36.6%), and clusters randomized to remain the control arm (38.1%) (*P* = 0.005). The prevalence of parasitemia was also significantly lower in clusters randomized to both the AAQ arm (10.1%) and the AAQ+AMX arm (8.9%) compared with the control arm (14.7%) (*P* = 0.000).

There were 310 deaths during the trial, including 181 that occurred during the control period. During the intervention, 72 children died in AAQ clusters and 57 in AAQ+AMX clusters ([Table 2](#T2){ref-type="table"}). The number of deaths, person-years of follow-up, crude mortality rates within each arm, as well as mortality rates for the control period in the year 2006 and 2007 remained the same, although a decline in mortality was observed in the intervention arms from 2008 to 2009 ([Table 2](#T2){ref-type="table"}). Mortality rates in the two intervention arms declined significantly in comparison to the control arm but the difference between the two intervention arms was not statistically significant. The attributable risk indicates a difference between AAQ and AAQ+AMX of \< 1/1,000. After adjusting for gender, age group, wet and dry seasons, and clustering, there was still a statistically significant reduction in all cause mortality between both intervention arms and the control arm (AAQ: reduction 30%, RR = 0.70, 95% CI = 0.53--0.92, *P* = 0.011 and AAQ+AMX: reduction 44%, RR = 0.56, 95% CI = 0.41--0.76, *P* = 0.011). However, the difference in the mortality reduction between the AAQ and AAQ+AMX arms of 21% was not significant (RR = 0.79, 95% CI = 0.56--1.12, *P* = 0.195) ([Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}) Gender and seasonality had no effect on mortality rates. The mortality reduction was highest in the 36--47- and 48--59-month age groups compared with the 2--11 months age group ([Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). Reduction in all cause mortality between each intervention and the control arm was statistically significant for children in the 36--47 months and 48--59 months age groups ([Table 3](#T3){ref-type="table"}).

In total 5,818 and 6,601 eligible children were treated in the AAQ and the AAQ+AMX clusters respectively. The numbers of deaths averted were 109 and 124, respectively. The number of children that need to be treated to prevent one child death in both arms was 53. Seven adverse drug reactions were reported by caregivers however only one was assessed by the research team to be so. This child experienced itching after receiving the combination treatment.

Discussion {#s4}
==========

Treatment of uncomplicated fever episodes among children 2--59 months of age with the antimalarial (AAQ), or in combination with the antibiotic (AAQ+AMX) at community level by trained CHWs resulted in reduction of all-cause mortality in comparison to those treated with standard care that includes treatment at home, by traditional healers, care from drug retail shops, or from the formal health sector. The AAQ reduced mortality by 30% and AAQ+AMX by 44%, both significantly different in comparison to standard care but without significant difference between the two interventions. We aimed at assessing if adding an antibiotic to the antimalarial treatment as proposed by Home-based Management of Malaria would reduce mortality. Within HMM strategy, children in malaria-endemic areas with fever are considered to suffer from malaria and treated as such if diagnostic means are not available. This approach neglects other causes of fever, in particular respiratory infections, the next important cause of fever in children in Africa. Considerable overlap of symptoms between malaria and pneumonia has been reported such that clinical diagnosis was considered unreliable.[@R13],[@R15],[@R16] A combination of very high respiratory rate in relation to age and chest in drawing indicates severe pneumonia, but also severe malaria, and is reason for referral. In line with the HMM program, our approach was practical; fever was noted by a caregiver, generally the mother, the CHW examined the child, assessed the need for referral and gave treatment. For examination and assessment a checklist was used. Information on symptoms and signs at baseline among sick children with a fever is being used to study overlap between malaria and pneumonia in our study population. This practical approach is likely to be common practice in many areas in the countryside of sSA.

We, like others before us, have shown that community management of fever by trained CWHs using antimalarials and antibiotics is feasible, even with artemisinin combination treatment with or without an antibiotic.[@R36] Studies on community case management of pneumonia among 0--5-year-old children showed a 50--70% reduction of deaths.[@R8],[@R37] The 21% reduction between our intervention arms is likely caused by reduction of deaths because of bacterial infections, notably pneumonia. Pneumonia is a significant cause of childhood mortality in Ghana consistently ranking second or third as top causes of childhood mortality after malaria.

Several factors probably contributed to the lack of statistical significance for the difference between the two intervention arms. Only mortality rates for children 0--59 months of age in the study district were available and formed the basis for our calculations, however our intervention was limited to children aged 2--59 months. Neonatal and post-neonatal mortality have since been shown to contribute considerably to overall under-five mortality in Ghana.[@R5] The mortality rate in our study population was probably lower, reducing the power of the study. By not targeting pneumonia specifically for treatment in the second arm, we incur a dilution effect, thereby reducing our ability to achieve significant differences. A *post hoc* calculation based on the actual prevailing mortality rate for this age group during the control period shows a power of 64%. Mortality declined in general ([Table 2](#T2){ref-type="table"}), which may be a reflection of the socio-economic development in the country and general improvements in health and health care, but major shifts in child health care within our study district and the country did not occur during the study period. Since the end of our study the Ghana Child Health policy supports management of malaria and pneumonia at community level by trained CHWs.

At the time of conceptualization of our study and during the study (2006--2010) RDTs had not yet been evaluated on large scale in the countryside let alone if used by CHWs in community projects. We acknowledge this as a limitation. Recent field trials have proved that RDT use by CHWs is feasible and improves the ability of these workers to distinguish between malaria and pneumonia.[@R38]--[@R41] The use of RDTs in identifying children with fever not caused by malaria, may lead to better case management of other diseases and to further mortality reduction. However, RDTs have not always led to rational use of antimalarial drugs. Health workers have been reluctant to decline antimalarial treatment of RDT negative patients leading to over-prescription of ACTs.[@R38]--[@R40],[@R42],[@R43] Current WHO malaria treatment guidelines (2010) recommend parasitological confirmation of malaria before treatment in all age groups and settings, including at the community level.[@R44] Some authors have cautioned against a policy that abandons presumptive treatment for RDT use at all levels, however others insist the change must be made.[@R45],[@R46] In 2011, Ghana was unable to implement the use of RDTs even at health facility level. In its most current guidelines for case management of malaria, although the GHS recognized RDTs as being beneficial, health care workers were encouraged to consider laboratory confirmation of malaria in under-five children on a case-by-case basis, if their practice settings were favorable."[@R47]

We acknowledge other limitations of our study. Children were assessed for criteria for referral (high respiration rate and chest in-drawing). Fever was not actually measured. The basis of our study was the HMM approach: fever was treated as malaria unless another cause is obvious. The WHO RDT-based policy at the time was restricted to adults and older children.[@R48] Children under 5 years of age were still treated presumptively. This approach did not include respiratory infections, inclusive of pneumonia and other treatable bacterial infections. Furthermore, a previous trial in Ghana in which CHWs had to be trained to distinguish malaria from pneumonia using respiratory rates had faced major challenges resulting in that part of the trial being abandoned.[@R5] With the well-described symptom overlap between malaria and pneumonia, our aim was not to distinguish malaria from pneumonia but to determine if there would be a reduction in under-five mortality sufficient enough for Ghana to review its HMM policy at the community level where diagnostic facilities are not available. Fever was used because it is the entry point for HMM. The caregiver\'s report of fever as a proxy for malaria has been found to be a reliable indicator of malaria in children in the same district, although fairly unreliable elsewhere.[@R49] Differences in the reliability of fever as malaria may be caused by the differences in malaria transmission and general disease epidemiology of those countries. We also realized that large-scale use of antibiotics may have negative consequences. However, in a controlled community trial like this, compliance with antibiotic regimen and rational antibiotic use has been shown to improve rather than deteriorate (data not shown). In Ghana, access to antibiotics although regulated, is poorly controlled and caregivers can buy antibiotics over the counter from several sources. During baseline surveys, a third of caregivers reported storage of antibiotics including amoxicillin and co-trimoxazole at home (data not shown). Access to antibiotics in the AAQ arm could also have contributed to further reducing our effect size, however this cannot be confirmed. Caregiver compliance with treatment regimen was high (data to be presented elsewhere). A significant reduction in mortality between the two intervention arms could have helped in the discussion on the balance of positive and negative effects of this approach, however we were unable to show statistical significance. The cost-benefit analysis of this approach was investigated and found to be cost-effective both for the antimalarial arm and the antimalarial and antibiotic arm.[@R50]

The stepped wedge design has been described in Hussey and Huges as "particularly useful for evaluating the population-level impact of an intervention that has been shown to be effective in an individually randomized trial."[@R51] Introducing the intervention and disseminating information to a population of 110,000 could only be performed gradually, hence a phased design. The period of randomization into three arms was actually too short for a concurrent comparison. The two interventions are in fact compared without a concurrent control group, thus with a historical control group, which is not ideal. However, withholding treatment from children was considered unethical. A concurrent design would have meant implementing a HDSS in another district that would have required funds far beyond the funding for this trial. The alternative would have been to use panel surveys to access mortality in a neighboring district but the limitations of that, given our financial and logistic constraints made this unfeasible. Lack of a concurrent control group for the full duration of the study meant we compared mortality rates overlapping different years and this does not account for other factors that might have influenced mortality in one year but not another. Fortunately, there were no major epidemics or changes in health or economic policies over the study period that could have directly impacted child mortality in the district.

Mortality rates in the district were found to be lower than estimated by the DHS report for mortality among under-five children within the region and was not anticipated because the Dangme-West district is rural and mortality rates in rural districts tend to be higher than the reported regional average mortality rates in Ghana.[@R35]

The study findings are unlikely to be the same in areas with different malaria transmission patterns. If ARI are caused by viral infections, antibiotics are then unnecessary, however, if bacterial pneumonias contribute significantly to under-five mortality tthen the trend toward lower mortality is biologically plausible.

In conclusion, our study clearly shows that home management of fevers, a strategy in which lay persons are trained to assess and treat children 2--59 months of age reported to have fever with antimalarials with or without an antibiotic significantly reduces mortality. The trend toward lower mortality in the group receiving an antimalarial and an antibiotic, and evidence from other studies that show the benefits of treating pneumonia at the community level, suggests that integrated management of both malaria and pneumonia is preferable to therapy of malaria alone.
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###### 

Baseline variables established during 2-week morbidity recall surveys conducted in randomly selected clusters allocated to specific interventions in the pre-intervention phase of the trial[\*](#TFN1){ref-type="table-fn"}

  Variable                                                                AAQ n/*N* (%)    AAQ+AMX n/*N* (%)   Control n/*N* (%)   Total n/*N* (%)
  ----------------------------------------------------------------------- ---------------- ------------------- ------------------- ------------------
  Children                                                                863 (32.0)       826 (30.6)          1012 (37.5)         2701 (100.0)
  Male/Female ratio                                                       49.4:50.6        52.3:47.7           51.6:48.4           51.1:48.9
  Mean age months (SD)                                                    29.4 (15.15)     28.9 (16.60)        29.7 (15.85)        29.4 (15.86)
  Treated nets[\*](#TFN1){ref-type="table-fn"}                            269/863 (31.2)   302/826 (36.6)      386/1012 (38.1)     957/2701 (35.4)
  Parasite count/μL \< 5000[†](#TFN2){ref-type="table-fn"}                87/863 (10.1)    73/826 (8.9)        148/1012 (14.7)     308/2701 (11.4)
  Parasite count/μL ≥ 5000                                                6/863 (0.7)      3/826 (0.4)         6/1012 (0.6)        15/2701 (0.6%)
  Mean hemoglobin g/dL (SD)                                               9.8 (1.65)       9.9 (1.71)          9.9 (1.57)          9.9 (1.64)
  Febrile episodes                                                        80/863 (9.3)     96/826 (11.7)       96/1012 (9.5)       272/2701 (10.1)
  Wt for age-underweight \< 2 SD                                          160/854 (18.7)   132/817 (16.2)      191/1008 (18.9)     483/2679 (18.0)
  Height for age-stunting \< 2 SD                                         156/850 (18.4)   164/807 (20.3)      197/998 (19.7)      517/2655 (19.5)
  Weight for height-wasted \< 2SD                                         61/850 (7.1)     54/807 (6.7)        57/998 (5.7)        182/2637 (6.9)
  Children 12--23 months fully immunized[∞](#TFN2){ref-type="table-fn"}   144/198 (72.7)   137/176 (77.8)      158/215 (73.5)      439/589 (74.5)
  Vitamin A coverage[\*](#TFN1){ref-type="table-fn"}                      723/863 (87.3)   694/826 (90.2)      849/1012 (88.8)     2266/2701 (88.8)

AAQ = clusters randomized to AAQ artesunate amodiaquine arm; AAQ+AMX = clusters randomized to AAQ+AMX artesunate amodiaquine with amoxicillin arm. Control = clusters randomized to remain without any intervention in the first phase of randomization.

Statistically significant difference at *P* \< 0.05; SD = Standard Deviation. **∞** one dose BCG, three doses DPT/HIPHEP, one dose measles and yellow fever.

###### 

Crude mortality rates by intervention arm and year[\*](#TFN3){ref-type="table-fn"}

            Intervention arm   Deaths   Person years   Mortality rate/1,000 py   95% confidence intervals
  --------- ------------------ -------- -------------- ------------------------- --------------------------
            Control            181      26,760         6.76                      5.85--7.82
  AAQ       72                 15,109   4.77           3.78--6.00                
  AAQ+AMX   57                 14,968   3.81           2.94--4.94                
  Year      Intervention arm   Deaths   Person years   Mortality rate/1,000 py   95% confidence intervals
  2006      Control            98       12,8504        7.64                      6.27--9.31
  2007      Control            64       10.1678        6.30                      4.93--8.04
  AAQ       8                  1,7714   4.52           2.26--9.03                
  AAQ+AMX   11                 1.7614   6.24           3.46--11.28               
  2008      Control            19       3.0324         6.27                      3.00--9.82
  AAQ       25                 5.6979   4.39           2.97--6.49                
  AAQ+AMX   20                 5.5894   3.58           2.31--5.55                
  2009      Control            NA       NA             NA                        NA
  AAQ       39                 7.2293   5.40           3.94--7.38                
  AAQ+AMX   26                 7.2079   3.61           2.46--5.30                

AAQ = artesunate amodiaquine only; AAQ+AMX = artesunate amodiaquine with amoxicillin; NA = not applicable.

###### 

Adjusted mortality rate ratios

                                              Initial three-arm design   Final two-arm design                       
  ------------------------------------------- -------------------------- ---------------------- ------------------- -------
  Arm                                                                                                               
   Control[\*](#TFN5){ref-type="table-fn"}    1                                                 N/A                 
   AAQ                                        0.70 (0.53--0.92)          0.011                  1                   
   AAQ+AMX[\*](#TFN5){ref-type="table-fn"}    0.56 (0.41--0.76)          \< 0.001               0.79 (0.56--1.12)   0.195
  Age group[\*](#TFN5){ref-type="table-fn"}                                                                         
   2--11                                      1                                                 1                   
   12--23                                     0.85 (0.62--1.15)          0.282                  0.67 (0.41--1.11)   0.119
   24--35                                     0.67 (0.49--0.93)          0.016                  0.79 (0.49--1.27)   0.326
   36--47                                     0.36 (0.24--0.53)          \< 0.001               0.41 (0.23--0.73)   0.003
   48--59                                     0.35 (0.24--0.52)          \< 0.001               0.34 (0.19--0.63)   0.001
  Gender                                                                                                            
   Male                                       1                                                 1                   
   Female                                     1 (0.80--1.25)             0.979                  0.95 (0.67--1.34)   0.758
  Dry season                                  1                                                 1                   
                                              1.06 (0.84--1.33)          0.627                  0.99 (0.70--1.40)   0.952

Three arm: Likelihood-ratio test of alpha = 0: χ^2^(01) = 1.04; probability \> = χ^2^ = 0.153; Two arm: Likelihood-ratio test of alpha = 0:χ^2^ (01) = 0.00; probability \> = χ^2^ = 1.000. AAQ = artesunate amodiaquine only; AAQ+AMX = artesunate amodiaquine with amoxicillin.

Adjusted for age group, gender, season, clustering, and random effect.

###### 

Adjusted mortality rate ratios between the two intervention arms and the control arm

                                              AAQ vs. control     AAQ+AMX vs. control                       
  ------------------------------------------- ------------------- --------------------- ------------------- ----------
  Arm                                                                                                       
   Control[\*](#TFN8){ref-type="table-fn"}    1                                         1                   
   AAQ                                        0.70 (0.53--0.92)   0.011                 NA                  
   AAQ+AMX[\*](#TFN8){ref-type="table-fn"}    NA                                        0.56 (0.41--0.76)   \< 0.001
  Age group[\*](#TFN8){ref-type="table-fn"}                                                                 
   2--11                                      1                                         1                   
   12--23                                     0.96 (0.68--1.34)   0.800                 0.83 (0.59--1.17)   0.281
   24--35                                     0.70 (0.49--1.00)   0.052                 0.59 (0.41--0.85)   0.005
   36--47                                     0.37 (0.24--0.58)   \< 0.001              0.31 (0.20--0.49)   \< 0.001
   48--59                                     0.37 (0.24--0.57)   \< 0.001              0.34 (0.22--0.53)   \< 0.001
  Gender                                                                                                    
   Male                                       1                                         1                   
   Female                                     0.99 (0.77--1.27)   0.940                 1.03 (0.80--1.33)   0.813
  Dry season                                  1                                         1                   
                                              1.10 (0.85--1.40)   0.459                 1.05 (0.81--1.37)   0.702

Three arm: Likelihood-ratio test of alpha = 0: χ^2^(01) = 1.04; probability \> = χ^2^ = 0.153;

AAQ = artesunate amodiaquine only; AAQ+AMX = artesunate amodiaquine with amoxicillin.

Adjusted for age group, gender, season, clustering, and random effect.
